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THE OKIG-IN OF X CAPSELLA BURSA-PASTOBIS 
AEACHNOIDEA 

DR. HENRI HUS 
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Since Jordan 1 described a number of elementary spe- 
cies of Cap sella Bursa-pastoris, their constancy has been 
a subject of cultural experiment. Herbarium material 
demonstrates the existence of numerous apparently unde- 
scribed forms. The finding of strikingly distinct forms, 
such as Capsella Heegeri 2 and, more recently, C. Viguieri, 3 
the work of Almquist 4 and that of Skull have added to 
the interest which this species holds for the investigator. 
It was Shull who determined the zygotic constitution of 
various forms. To be able to demonstrate this with ex- 
actitude is of the greatest value since Bateson and Lotsy 
expressed their doubt as to the homozygosity of de Vries's 
Oenothera LamarcMana. It was left to Nilsson 5 to clearly 
show its necessarily heterozygous character. The inter- 
est aroused by this paper 6 leads me to believe that an 

1 Jordan, A., l{ Diagnoses d'especes nouvelles ou meconnues pour servir 
de materiaux a line flore reformee de la France et des contrees voisines. " 
Paris, 1864. 

2 Solms-Laubach, H. Graf zu, "Cruciferen studien. I. Capsella heegeri, 
eine neuentstandene Form der deutschen Flora," Bot. Zeit., 55: 167, pi. 
7, 1900. 

3 Blaringhem, L., ' ' Les transformations brusques des etres vivants. ' ' 
Paris, 1911. 

4 Almquist, E., " Studien liber die Capsella Bursa-pastoris (L.)," Acta 
Horti Bergiani, 4: No. 6, 1907. 

s Heribert-Nilsson, N., "Die Variability der (Enothera LamarcMana und 
das Problem der Mutation," Zeitschr. f. ind. A~bst. u. Vererb., 8: 89, 1912. 

e Lotsy, J. P., " Fortschritte unserer Anschauungen liber Deszendenz seit 
Darwin und der jetzige Standpunkt der Frage," Progressus Bei Botanicw, 
4: 361, 1913. 
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account of certain cultures of Capsella, in which muta- 
tions were simulated, would be of timely interest. 

During the winter of 1908-1909, I collected in a green- 
house at Ann Arbor, Michigan, and at the disposal of the 
Botanical Department of the University of Michigan, 
twelve rosets of Capsella Bursa-pastoris, the leaves of 
which showed certain more or less striking morphological 
differences. "With the hope of isolating certain biotypes, 
the rosets were placed in pots and permitted to flower. 
No measures were taken to prevent the accidental trans- 
ference of pollen, but the pots were placed about six 
inches apart. This, as will be shown later, is the only 
precaution necessary to guard against cross-pollination, 
provided the cultures are carried on in a greenhouse and 
during the winter months. After a portion of the seed 
had ripened, the plants, the majority of which retained 
their climax leaves, became herbarium specimens. More 
recently, after constant association has enabled me to 
detect minute differences, it has been possible to identify 
some of these plants with two of the biotypes described 
by Shull, 7 to wit, rhomb oidea and simplex. At the time 
of collection, the differences were sensed, but could not be 
described technically, since the extent of the influence 
wielded by fluctuating variability was an unknown quan- 
tity. Never before had I so fully realized the truth of de 
Vries's statement. 8 

We are trained to the appreciation of the differentiating marks of 
systematic species. . . . Our minds are turned from the delicately 
shaded features which differentiate elementary species. 

The seed obtained was sown in sterilized soil during 
the spring of 1910. From each seedpan 60 individuals 
were transplanted to flats. As the plants grew older, it 
was found that, with a single exception, the seedlings in 
each of the flats were uniform, but that the seedlings in 
the different flats were not alike, three types being dis- 
tinguishable. The interest in these types, for the isola- 

7 Shull, G. H., ' ' Bursa bursa-pastoris and Bursa Heegeri : Biotypes and 
Hybrids," Publ. No. 112, Carnegie Institution of Washington, 1909. 
sde Vries, Hugo, "Species and Varieties," 689, 1905. 
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tion of which these cultures had been undertaken, soon 
was overshadowed by the behavior of the seedlings bear- 
ing the number 4,108.6 and which were the offspring 
yielded by a plant of a type not described by Shull and 
which I have named X Capsella Bursa-pastoris Setchelli- 
ana, in honor of Professor William Albert Setchell. 




Fig. 1. 



Appearance of a Linear-leaved Form among Seedlings op Capsella 
Bursa-pastoris. 



During the time that the seedlings remained in the seed- 
pan, no deviations from the expected course of develop- 
ment were noted. However, after the seedlings had been 
transplanted to flats and had remained there a week or 
so, it became evident that some of the seedlings were not 
making the expected growth. Their development ap- 
peared most insignificant compared with that of the 
majority. A closer examination showed the cotyledons 
to be somewhat larger than normal and the leaves proper 
to be exceedingly small and almost linear. Nor did they 
attain the same length as the leaves of the rosets belong- 
ing to other types. 



196 



THE AMERICAN NATURALIST [Vol. XLVIII 



An explanation of this peculiar development was sought 
in a possible attack on the part of either fungi or bacteria 
or in soil conditions. But the latter were uniform for the 
entire flat. Neither fungi nor bacteria could be demon- 
strated nor did the underground portion of the " ab- 
normal' J plants look unhealthy or underdeveloped. 
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Fig. 2. Seedlings of a? C . . . Setchelli and x C. . . . arachnoides 

At this stage the flat presented the appearance shown 
in Fig. 1. At the time but three types were distinguished, 
the first of these constituted by plants which showed an 
incision of the blade, the second composed of those which 
apparently had entire leaves, and a third, comprising the 
small and linear-leaved rosets, which, because of the spider- 
like appearance of the latter, has been designated xCap- 
sella Bursa-pastoris arachnoidea. There also appeared a 
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single individual which, while closely resembling the form 
arachnoidea, differed from it in having somewhat spatu- 
late leaves. This plant, a plant of arachnoidea and two 
of. Setclielliana, are shown in Fig. 2. 

After photographs had been taken, the plants were 
potted and placed in the frames. None of the plants 
made a growth as vigorous as that of the Capsellas grow- 
ing in the open. The plants of the form arachnoidea de- 
veloped leaves with a greatest length of 15 mm. and a 
greatest width of a little over 1 mm., causing the plant to 
retain its spider-like appearance. The roset with spatu- 
late leaves appeared somewhat more vigorous, the aver- 
age leaf measuring 22 mm. in length, with a greatest width 
of 2.5 mm. In later generations I have been able to ob- 
tain rosets of arachnoidea with a greatest leaf-length of 
100 mm. and a greatest width of 6 mm. 

In the frames, flowering shoots made their appearance, 
those on arachnoidea being remarkable chiefly because of 
their small size, reaching a length not exceeding 12 cm. 
The flowers were small but well-formed. No well-devel- 
oped pollen could be demonstrated. Seed did not form 
and the capsules retained their original form, typical of 
non-fertile capsules in Capsella Bursa-pastoris, remind- 
ing one of the capsules of Capsella Heegeri. They do not 
resemble the fertile capsules of C. procumbens. In the 
next generation I saw a single capsule formed on arach- 
noidea as the result of cross-fertilization, and in this case 
it differed in no manner from the normal capsule such as 
we know it in Capsella Bnrsa-pastoris. 

The " normal" plants, i. e., all those not belonging to 
the form arachnoidea, matured a large amount of seed. 
No measures were taken to prevent cross-pollination, but 
no other plant of Capsella Bursa-pastoris, within a radius 
of twenty feet, was in flower. 

At this time, another attempt was made to group the 
plants. It was found that the criterion used earlier, i. e., 
the incision of the blade, no longer could be relied upon, 
since plants, which at the time of the previous count, had 
shown an entire margin, now were more or less incised. 
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Unfortunately, after the seed had been collected, the plants 
were destroyed, having lost their climax leaves. An attempt 
to group them later with the aid of photographs failed, be- 
cause photographs of all plants were taken during the 
earlier stages only, i. e., before the appearance of the cli- 
max leaves. Another classification, for which climax leaves 
are not essential, and which is based upon the relative 
width of the first six or eight leaves, yields for 54 plants 
the proportion: "wide" 31, "narrow" 16, "linear" 7, the 
ideal proportion, as since worked out, being 33 : 16 : 16. 
The fact that the number for "linear," which represents 
the form arachnoidea, is too small by 9, may be ascribed 
to various circumstances, among others the fact that the 
last row in the flat did not appear in the photograph upon 
which the count was based. It is in the last row of a flat 
one ordinarily meets with the smaller or at least less vig- 
orous individuals and it is very probable that in this last 
row occurred a large percentage of individuals belonging 
to arachnoidea. Furthermore, not all the seedlings, but 
only sixty, were taken in each case. Almost unconsciously 
one selects the largest individuals when transplanting 
from seedpan to flat. It is probable that in this process 
there were eliminated a greater percentage of seedlings 
of the linear form than of any of the others. Hence no 
great weight can be attached to the proportion obtained. 
The collection of seed brought the work for 1910 to a 
close. As far as I was aware, no forms similar to arach- 
noidea had been either noted or described by any one who 
had devoted his time to culture experiments with Cap- 
sella. Neither Shull in America, nor Almquist in Swe- 
den, nor Lotsy 9 in Holland, has made mention of such 
forms in their publications. The fact that no seed was 
produced by the aberrant form seemed to hold out little 
hope for the continuation of the cultures, and the sole 
trace left by this new form, if taxonomic form it was, 
threatened to consist of but a few photographs and some 
alcohol specimens. A single possibility presented itself. 

9 Lotsy, J. P., "Vorlesungen liber Deszendenztheorien, ' ' 1: 180, Jena, 
1906. 
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Whether the parent plant was of a hybrid character or 
whether the parent plant was mutating, and the new form 
or forms were to be looked upon as mutants, in either 
case there existed the possibility, if not the probability, 
that from the seeds obtained from those plants of the 
second generation which appeared "normal," a third gen- 
eration might be obtained which would again present the 
abnormal form. Such indeed proved to be the case. 




Fig. 3. Early Stages in the Development of Broad-leaved, Narrow-leaved 
and Linear-leaved Forms of Capsella. 

The seed for the next generation was obtained from 19 
plants. The seed was sown separately in pots of steril- 
ized soil. Certain of the parent plants, which we now 
identify with ShulPs simplex and rhomboidea, produced 
a uniform, broad-leaved offspring. Others behaved like 
the parent, the form arachnoidea appearing in 197 indi- 
viduals out of a total of 979, which does not include the 
713 which bred true to the broad type. (For an illustra- 
tion of these types see Fig. 3.) 

It is unnecessary to go into details as to the various 
theories which suggested themselves as a solution of the 
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origin of the linear-leaved form which, because of its 
striking appearance, concentrated the attention upon it- 
self. That perhaps we were dealing with a mutation was 
a thought which most naturally obtruded itself upon 
the mind of one who, for years, had fruitlessly tested 
a large number of species in the hope of discovering a 
case analogous to that of Oenothera Lamarckiana. 10 The 
possibility of a cross between a local form and either 
Capsella Heegeri or C. procumbens, suggested itself. 
However, the seedling stage of either of these two forms 
does not /bear the remotest resemblance to that of Cap- 
sella arachnoidea. At the same time there was slight 
reason for believing that either Capsella Heegeri or Cap- 
sella procumbens ever had been grown in Ann Arbor. 

During 1911 and the greater part of 1912, the problem 
rested here, no satisfactory explanation being found. 
But pedigree cultures were continued until, on the one 
hand, we succeeded in placing the plants in optimum sur- 
roundings for the production of climax leaves, and on the 
other began to distinguish between the various biotypes. 

The Biotypes 

As has been noted previously, it was possible to use two 
criteria for the classification of the rosets. Leaving out 
of consideration the rosets of the linear-leaved arach- 
noidea, it was found that after dividing the rosets accord- 
ing to the " broad" or "narrow" character of the earlier 
leaves (Big. 3), it was possible to further subdivide each 
group on the basis of the marginal indentation of the 
leaves subsequently formed. 

I. The "Broad" Group. — Here the first four or five 
leaves possess a blade which is approximately twice as 
long as broad. Up to this stage the margin remains 
entire. When the sixth leaf appears one ordinarily can 
begin to distinguish between two types. These are : 

Type 1. — In this, the first of the two broad-leaved 
forms, the margin of the first eight leaves remains entire, 

io Hus, H., ' ' The Origin of Species in Nature, ' ' American Naturalist, 
45: 646, Nov., 1911. 
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showing at most a very slight crenation (Fig. 4). Usually 
the ninth leaf, though sometimes it is the eighth and some- 
times the tenth, shows a more marked indentation, though 
seldom of a depth of more than 2 mm. on each side of 
the leaf and slightly below the middle. Subsequent 
leaves show an increase in the number and depth of the 




Fig. 4. Dissection of Young Rosets of C simplex and C. . . . rhom- 

hoidea, Showing the " Bboad " Character of the Earlier Leaves 
and the Distinctive Character of the First Sinus. 

indentations, the maximum for both being reached in the 
climax leaves, which usually show five indentations reach- 
ing about midway from margin to midrib. In those of 
the earlier leaves which show a marked incision the lobes 
are obtuse. In the later leaves the lobes become acute. 
It may be stated as a general truth, that an increase in 
the depth of the sinus carries with it an increase in sharp- 
ness of the lobe. There is no secondary lobing, but some- 
times the margin of the sinus shows a slight denticulation. 
While in the earlier leaves the sinuses separating the 
terminal lobe from the rest of the blade are the deepest, 
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the converse is true in the later leaves, where the sinuses 
separating the terminal lobe are the most shallow. I 
have identified this form with ShulPs simplex} 1 My 
plants also agree fairly well with the illustration of onto- 
genetic succession of leaf forms in Bursa . . . simplex, 
shown by Shull. 12 

Type 2. — In the second of the two forms distinguished 
because of the greater relative width of their first leaves, 
the margin of the first five leaves remains entire, as in 
the case of those of type 1 (simplex). The sixth leaf, 
however, ordinarily shows a marked indentation, at least 
3 mm. deep and slightly below the middle of the blade 
(Fig. 4). This indentation may appear in one margin or 
in both. The lower margin of the sinus ordinarily is at 
right angles to the midrib, the upper margin making an 
angle of 45 degrees with the midrib (Fig.7, b) . Even when 
it has become difficult to distinguish between types on the 
basis of relative width of the earlier roset leaves, it always 
is possible to distinguish between type 2 (rhomboidea) 
and type 4 (Setchelliana and Treleaseana), by means of 
the character of the sinus. In type 4, the lower margin 
of the sinus makes an angle of 45 degrees with the midrib, 
while the upper margin makes an angle of between 30 
and 45 degrees with the midrib. Hence the first sinus in 
C. . . . Setchelliana and C. . . . Treleaseana is at least 
90 degrees, while the first sinus in rhomboidea measures 
seldom more than 45 degrees and frequently less. 

The seventh leaf of plants belonging to type 2 ordi- 
narily shows two indentations on both sides of the leaf, 
dividing the blade into a lower portion, two central lobes 
and a terminal lobe. The depth of the incision amounts 
to about three-fourths of the width of the blade from mid- 
rib to margin. 

It is possible to delay the appearance of the first inden- 
tations by transplanting from seedpan to flat either too 
early or too late. In such cases, the indentations appear 
in the seventh leaf only, or even later, and are rather 

ii Loc. cit., 25, and PI. 2, Fig. 2. 

12 Shull, G. H., "Verh. d. naturf. Ver. in Briinn/' 49, PI. 4, 1911. 
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shallow, reaching a depth of three-fourths of the width of 
the leaf from margin to midrib in the eighth, ninth or 
tenth leaf. However, once the indentations have made 
their appearance, the leaf next produced ordinarily shows 
two sinuses on both sides of the blade, usually the upper 
set, rarely the lower, being the deeper of the two, and 
almost reaching the midrib. The succeeding leaves show 
an increase in the number of lateral lobes from two to 
six. Since the incisions almost, if not quite, reach the 
midrib, both lateral lobes and the terminal lobes are well 
defined. Upon the lateral lobes secondary lobes appear, 
both on the distal and proximal margins. It is to be 
noted that only the climax leaves of well-grown specimens 
of the homozygotic form distinctly show the lobing of the 
proximal margin and this only on the middle lobes. The 
lobing of the primary lobes results in the setting off of 
a small terminal portion of each lateral lobe, which 
possesses a more or less rhomboidal form. This terminal 
lobe of the primary lobe can be observed to advantage 
only in the climax leaves of well-developed specimens. 

I have no hesitation in identifying type 2 with Shrill's 
rhomb oidea. 1 * 

Capsella Bursa-pastoris simplex and C. Bursa-pastoris 
rhomb oidea, described, respectively, as types 1 and 2, 
agree in having the first five or six leaves twice as long as 
broad, thus contrasting sharply with the plants to be de- 
scribed under types 3 and 4, which constitute the " nar- 
row" group. 

II. The "Narrow" Group. — In the plants belonging 
here, the first five or six leaves possess a blade which is 
from 2^ to 3 times as long as broad. Usually after the 
appearance of the seventh leaf, sometimes not until the 
appearance of the tenth leaf, it is possible, on the basis of 
marginal indentation, to separate the plants with "nar- 
row" roset-leaves into two groups, designated respec- 
tively types 3 and 4. 

Type 3. — Eosets of plants belonging to type 3 can not 
be distinguished from those of type 4, until after the 

"Slrall, Verb., Pi. 2; Biotypes, PI. 1, Fig. 2. 



204 THE AMERICAN NATURALIST [Vol. XLVIII 

seventh leaf has appeared (Fig. 5). It is to be noted that 
for the first six leaves of type 4, the ratio between mean 
length and width is 6:2, while for the corresponding 
leaves of type 3, the same ratio is 5 :2. Once the seventh 




Fig. 5. Dissection of Young Rosets op x C. . . . Setchelli and x C. . . . 

attenuata, Showing the " Nabrow " Character op the Earlier 

Leaves and the Distinctive Character op the First Sinus. 

leaf has appeared, a distinction readily can be made, since 
in type 3, no sinuses appear, and the leaves, from the 
seventh to the tenth, might be mistaken for those of 
simplex (Fig. 5). Later leaves readily can be distin- 
guished from those of simplex, by the pointed apex, the 
very shallow sinuses, ending in a sharp tooth, and by the 
fact that the greatest width of the blade lies above the 
middle, about one third the length from the tip (Fig. 6). 

This form, which because of its morphological charac- 
ters on the one hand, and its behavior in breeding on the 
other, can readily be distinguished from all others, I 
designate X Capsella Bursa-pastoris attenuata. 

Type 4. — Not only do the first leaves of plants, belong- 
ing to this type, differ in relative width from the first 
leaves of plants of rhomboidea and simplex, but there also 
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is a difference in the apex of the leaf, the apices of leaves 
of this type, like those of type 3, being decidedly pointed, 
while those of types 1 and 2 are rounded. 14 

At the sixth or seventh 
leaf stage, the marginal 
indentations make their 
appearance, at first as 
slight crenations, then as 
long and shallow sinuses, 
and finally, in the eighth 
or ninth leaf, as a sinus 
on one or both sides of 
the midrib and about the 
middle of the blade (Fig. 
5) . The lower margin of 
the first sinus ordinarily 
makes an angle of 45 
degrees with the midrib, 
while the upper margin 
makes an angle of from 
30 to 45 degrees with the 
midrib. This renders the 
first sinus ordinarily 
greater than 90 degrees 
(Fig. 7, a). The depth 
of the first sinus is ap- 
proximately one half the 
distance from margin to 

midrib. In subsequent leaves the depth increases, so that 
in the 11th leaf the sinuses almost reach the midrib. In 
Treleasi, one of the two forms, which together constitute 
type 4, the climax leaves show incisions to the midrib, and 
a well-marked terminal lobe, while in the other the sinuses 
are less deep but the terminal lobe still is well marked 
(Fig. 8). The number of sinuses increases in propor- 

14 It is to be noted that in my cultures there appear, from time to time, 
plants of rhowiboidea of which the leaves have sharply pointed lobes. What 
relation these plants bear to others classed with them under rhomboidea, I 
am at present unable to say. 



Fig. 6. Latee Roset Leaves of x C. 
, . attenuatu and C. . . . simplex. 
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tion to their depth. If the seventh leaf has one sinns 
in each margin, the eighth and ninth usually have two, 
the tenth and eleventh, three, and so on, until the mean 
of six is reached. As the lobes increase in number, they 





Fig. 7. Early Roset Leaves of x 
C. . . . SetcJielH and C. . . . rJwm- 
boidea. 



Fig. 8. Climax Leaves of x G. 
. . SetchelU and w C. . . . Treleasi. 



not only become narrower but the sinuses do likewise. 
This is the result of a gradual increase in the angle 
between the lower margin of the sinus and the midrib. 
In the eighth leaf the lower margin forms an angle of 
about 90 degrees with the midrib, causing the formation 
of a primary lobe, triangular in shape and with an upper 
angle of about 45 degrees, instead of the 90-degree angle 
found in the first lobe. In older leaves the angle between 
lower margin of sinus and midrib may increase to 110 or 
even 120 degrees. The climax leaves therefore get to 
resemble more and more those of rhomb oi&ea, especially 
since the distal margin of the sinus, from the tenth leaf 
on, exhibits a number of denticulations which, in older 
leaves, especially of one of the forms (Treleaseana), 
tend to become incisions, so that secondary lobes are 
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formed. However, the end of the lobes of early 
leaves of type 4 always are sharply pointed (Fig. 9), 
while the lobes of early leaves of rhomboidea are ordi- 
narily rounded at the ends (Fig. 4). 




Fig. 9. Upper Row : 3 Sets op Leaves from as Many Plants of x C. . . . 

Treleasi. Lower Row : 4 Sets of Leaves from as Many 

Plants of x C. . . . Setchelli. 

From a morphological point of view these leaves are 
entirely different from any form described by Shull, the 
differences being most marked and very readily recog- 
nized once our attention has been called to them. But it 
is especially the behavior of the plants on breeding which 
leads me to recognize them as most distinct hybrid forms 
and which I have designated X Capsella Bursa-pastoris 
Setchelliana in honor of Professor William Albert 
Setchell, and X Capsella Bursa-pastoris Treleaseana, in 
honor of Professor William Trelease. 

Type 5. — Capsella Bursa-pastoris arachnoidea. This 
form, which readily is recognized from the first by its 
linear leaves, does not require an elaborate description 
at present, since it will be discussed in detail later. It has 
been illustrated in Figs. 1, 2 and 3. 
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The above descriptions apply only to plants grown 
under fairly uniform conditions, in a light soil in a green- 
house, and treated in such a manner as to offer the plant 
the most favorable conditions for development. By leav- 
ing the plants too long in the flats, so that crowding re- 
sults, by keeping them too moist and warm, etc., it is 
possible to produce abnormal climax leaves in which the 
typical differences can be recognized with difficulty only. 
By leaving plants too long in the seedpans, by keeping 
them too dry, it may be brought about that plants flower 
without having produced climax leaves. There will be 
doubtless many who, because of this, will refuse recogni- 
tion to the segregates just described. "Quaecunque dixi, 
si placuerint, dictavit auditor.'' Fortunately, the differ- 
ences of behavior on breeding are such, we must recognize 
their distinct genotypic constitution. 

Geetotypic . Constitutions 
Shull, in the papers above quoted, made one of the most 
important of recent contributions to science, since he de- 
termined with exactitude the relations existing between 
some of the lesser forms which, because of their alleged 
constancy or inconstancy, have been a bone of contention 
since the days of Jacquin. Making extensive cultures of 
Capsella, Shull was able to distinguish four forms (Fig. 
10), to wit, heteris, with leaves divided to the midrib, with 






Pig. 



10. Climax Leaves op C heteris, C. . . 

and C. . . . simplex. 



tenuis, G. . . . rlioniboidea 
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elongated primary lobes, a marked secondary lobe, in the 
distal axil of the primary lobe and a well-marked terminal 
lobe; rhomboidea, with leaves divided to the midrib, with 
an unelongated primary lobe, .with an incision in the distal 
margin setting off a secondary lobe and a corresponding 
incision on the proximal margin of the primary lobe, set- 
ting off, in well-grown specimens, a terminal portion of 
each lateral lobe, generally of rhomboidal form; tenuis, 
with the elongated primary lobe of heteris, but with a 
sinus which usually does not reach the midrib, terminal - 
lobe clear cut; simplex, with lateral lobes obtuse, never 
attenuated, the incisions being shallow and never reach- 
ing the midrib. 

Shull recognized here the presence and absence of two 
factors, one (A) responsible for the sharp primary lobe 
of heteris and the attenuation of the lobes in tenuis, while 
the other (B) is responsible for the division of the leaf 
to the midrib, the definite terminal lobe and the second- 
ary lobes. On this basis Shull was able to represent the 
biotypes by conventional Mendelian symbols, thus: 
heteris, AB; rhomboidea, aB; tenuis, Ab; simplex, ab. 

That this conventional presentation gives us a reliable 
working basis, my experiments have shown most satis- 
factorily. With the aid of these symbols I have been able 
to solve the origin of Capsella arachnoidea, the experi- 
ments showing that, without question, forms presenting 
the spider-like appearance of the rosets typical of this 
plant are of hybrid origin. 

The Zygotic Constitution or 4,108.6 
The problem to be solved was that of the zygotic con- 
stitution of the original parent, the plant which in my 
notes is recorded as 4,108.6. Among its offspring neither 
heteris nor tenuis made their appearance, while both 
rhomboidea {aB) and simplex (ab) were met with. Hence 
the parent was homozygotic for (a), but heterozygotic 
for (B). Therefore, its zygotic constitution, in part, must 
have been aaBb. 

Besides rhomboidea and simplex there appeared two 
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forms, referred to as types 3 and 4, the latter being ca- 
pable of further subdivision. Neither of these was de- 
scribed by Shull. At least one difference between rhom- 
boidea and simplex, on the one hand, and types 3 and 4, on 
the other, could be noted at once, i. e., the relative width 
of the leaf. As has been shown above, the former have 
their first leaves twice as long as broad, the latter three 
times as long as broad. The idea suggested itself that 
there might exist a factor which determined these charac- 
ters. Since the original parent belonged to type 4, the 
narrow character of the earlier leaves must be dominant 
over the broad character. Also, since the original parent 
produced both "narrow" and "broad" types, it must 
have been heterozygotic for this character. Using (N) 
to indicate the gene, we get for the zygotic construction 
of the parent plant aaBbNn. 
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abN abn 
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Fig. 11. Diagram to Illustrate the Nature of the Offspring of cc G. . . . 
Setchelli (aaBbNn). 

Since self-fertilization is the rule in Cap sella, it was an 
easy matter to test the validity of the theory. A form 
aaBbNn, one with unelongated primary lobes, sinuses 
reaching the midrib and with early leaves of a "narrow" 
type should yield, on self-fertilization, the following com- 
binations: l.bbnn (square 16), a plant of which, accord- 
ing to our definition, the earlier roset leaves should be 
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broad and of which the later leaves shall lack incisions 
reaching to the midrib, a plant, in short, which should 
have all the characteristics of ShulPs simplex. Further- 
more, on being self ed, it should yield a uniform offspring, 
in all respects resembling the parent. 

Such plants actually were encountered. Of the plants 
grown to maturity, twelve were selected as seed-bearers. 
All bore the simplex character. Ten of these plants were 
selected from among the first generation of plants of the 
supposed zygotic constitution BbNn, while one parent 
(yielding No. 25,712) was derived from a plant bearing 
the simplex character and another (yielding No. 31,112) 
was derived from a plant which was shown to have the 
zygotic constitution bbNn. 

TABLE I 

Evidence of Homozygotic Character of Simplex (bbim) 



Index 
Number 


Number of 
Plants 






Character of 




Index Number of Parent 




Grand- 










Parent 


parent 


25,712 


78 


G" 


8,112£#12P9 


bbnn 


bbnn 


25,912 


22 


G 


8,212£P3P1 


bbnn 


BbNn 


26,312 


42. 


G 


8,212C225P1 


bbnn 


BbNn 


26,512 


187 


G 


8,212F#3P3 


bbnn 


BbNn 


26,712 


180 


G 


8,2UHR7P7 


bbnn 


BbNn 


30,012 


276 


O 


8,212CR5P1 


bbnn 


BbNn 


30,112 


108 


O 


8,212HR2PG 


bbnn 


BbNn 


30,212 


60 


O 


8,212GR6P8 


bbnn 


BbNn 


30,312 


162 


G 


8,212GRGP8 


bbnn 


BbNn 


30,712 


27 


O 


8,212HRSPG 


bbnn 


BbNn 


31,112 


50 


O 


26,012AR7P6 


bbnn 


bbNn 


3,113 


207 


O 


26,912BR1P3 


bbnn 


BbNn 


1 1,399 











This table offers an excellent illustration of the small 
danger of an accidental cross, even if the plants are not 
guarded, always, of course, when the proper precautions, 
indicated above, are taken. Numbers 26,312 and 30,012, 
as well as numbers 30,212 and 30,312, respectively, offer 
instances of uniform inheritance in plants possessing 
recessive characters only and of which the parents in the 
one case were left unguarded, in the other caged. Had 

is In this column "G" indicates that the parent plant was guarded, 
"O" that the plant was open- fertilized. In other tables the same abbre- 
viation will be used. 
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crossing taken place in the case of the unguarded flowers, 
this would, because of the purely recessive characters 
possessed by simplex, have become apparent at once. In 
all cases the parents were checked by means of herbarium 
specimens or photographs, or both. 

2. bbNN (square 11). According to our hypothesis, a 
plant of this zygotic construction should have the earlier 
roset leaves narrow and the climax leaves should lack 
incisions to the midrib. It also should breed true. A 
plant fulfilling these conditions has not been encountered, 
or rather, its recognition was delayed until the offspring 
of the corresponding heterozygote bbNn could be observed. 
As will be shown, the zygotic combination bbNN yields 
a plant with the external characteristics of arachnoidea. 

3. bbNn (squares 12 and 15). A plant of this zygotic 
constitution should have narrow early leaves and the 
climax leaves should lack incisions to the midrib. On 
self-fertilization it should yield 25 per cent. bbNN, 50 
per cent. bbNn and 25 per cent. bbnn. 



bN 
bN 


bn 

bN 


bN 
bn 


bn 
bn 



Several plants were found which fulfilled the require- 
ments as to leaf characters. Such plants, on being selfed, 
yielded approximately 25 per cent, simplex, which we 
know to have the zygotic constitution bbnn, while about 
50 per cent, bore the parental characters, supposedly rep- 
resented by bbNn. The remaining 25 per cent, clearly 
belonged to the type arachnoidea. In all, 12 plants were 
selected as seed-bearers, some being guarded, others re- 
maining uncaged. The results are given in Table II. 

The totals closely approximate the Mendelian ratio, 
yielding, respectively, bbNN '24 per cent., bbNn 49 percent, 
and bbnn 27 per cent. Having established the identity 
of bbnn {simplex) and bbNn (attenuata), we are forced 
to recognize bbNN as the zygotic construction of arach- 
noidea. It would be a comparatively easy matter to test 
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this directly, provided the form arachnoidea produced 
seed. Though I have grown several hundreds of these 
plants, I have obtained in all but eight seeds, and these as 
the result of hybridization. Hence the test must be made 
indirectly through crossing of forms yielding the desired 
gametic combinations. 

TABLE II 

Evidence of Heterozygotic Character of attenuata (bbNii) 
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25.50 


56 


51.00 


27 


25.50 


8,212BR5P1 


bbNn 


G 


BbNn 


26,412 
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4 


2.50 


26,012.A#6P6 
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bbNn 
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3,213 
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Total . 


296 


308.50 


604 


617.00 


308.50 











Of the twelve parent plants concerned in the above ex- 
periment, five were selected from among the first genera- 
tion of a plant having the supposed zygotic constitution 
BbNn, while seven were the direct offspring of No. 26,012, 
which had been shown to yield the three forms, arach- 
noidea, attenuata and simplex, as indicated in Table II. 

The simplex, obtained by selfing a plant of bbNn, breeds 
true, as indicated in Table I, No. 31,112, a simplex, yield- 
ing a uniform simplex offspring, consisting of 50 indi- 
viduals. 

4. BBnn (square 6). A plant of this supposed zygotic 
constitution should resemble, in all respects, Shull's 
rhomboidea, the earliest roset leaves being broad, and the 
incisions of the climax leaves reaching the midrib. It 
should breed true. Five lots, involving four parents, were 
grown. Again it was shown, in the case of No. 26,812 and 
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No. 30,612, that the fact that plants are left unguarded 
does not affect results. The parents, in all cases, were 
selected from among the first generation of plants having 
the supposed zygotic constitution BbNn. The results are 
given in Table III. 

TABLE III 

Evidence of Homozygotic Character of rhotriboidea {BBnn) 



Index Number 


No. of Plants 


Index Number of Parent 


Char, of Parent 
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In all cases the off- 
spring was uniformily of 
the rhomb oidea character. 
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5. Bbnn (squares 8 and 
14) . Plants of this zygotic 
constitution should resem- 
ble those of the preceding 
group, but on being selfed 
should yield 25 per cent, 
homozygotic rhomboidea 
(BBnn), 50 per cent, het- 
erozygotic r ho mb oidea 
(Bbnn) and 25 per cent. 
simplex (bbnn). 

These three forms were 
found to constitute the 
offspring of a single plant, 
8,212HR1P3, itself an off- 
spring of a plant of the 
supposed zygotic constitution BbNn. This plant, from 

16 Bursa ... 39. 



Fig. 12. Climax Leaves of a Heter- 
ozygotic O. . . . rhomboidea and of a 
Homozygotic C. . . . rhomboidea. . . 
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the first, was classified as a rhomboidea. At the present 
time, a photograph of the young roset confirms this 
classification. But two climax leaves, which, in the 
earlier part of these experiments, were deemed suffi- 
cient, show that the sinuses do not quite reach the midrib 
(Fig. 12). Unfortunately, Shull, in the description of 
his No. 054.28, 16 does not mention this point, though he 
does point out that "the later rosette-leaves had some 
of the secondary lobes acutish, but not elongated." In 
the older climax leaves, even of a homozygous rhom- 
boidea, I find that the secondary lobes disappear. Shull, 
in the description just referred to, is so specific as to the 
typical rhomboidea character of the heterozygote that I 
have hesitated to classify the heterozygotes and the homo- 
zygotes. But the homozygotic rhomboidea, obtained as 
the extracted recessive of a selfed plant of the supposed 
zygotic constitution BBNn, always has sinuses which 
reach the midrib. In other combinations, also, one can 
distinguish between BB and Bb by the relative depth of 
the sinus. For the present, then, we will rely upon this 
character. In the case under discussion (26,612, the off- 
spring of 8,212fl r ElP3, guarded) there were among the 
39 plants 6 which clearly were simplex, the heterozygotic 
rhomboidea was represented by 22 individuals, and the 
homozygotic rhomboidea by 11 individuals, the calculated 
ratio being 9.75:19.50:9.75. The percentage of simplex 
is far too low, 15.4 per cent., instead of 25 per cent., but, 
considering the small number of individuals concerned, 
the total outcome is fairly satisfactory. It is almost un- 
necessary to add that in this, as in other cases, the off- 
spring of the various plants is being tested as fast as 
time and facilities permit. 

Type 4. — Having shown the presumable correctness of 
our supposition as to the zygotic constitution of the initial 
plant (BbNn), as far as the presence, appearance and be^ 
havior on breeding of simplex, rhomboidea and attenuata 
are concerned, there remains to identify the major group of 
combinations which, in a simple di-polyhybrid, constitutes 
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nine sixteenths of the total offspring and may be uniform 
in appearance, the constituents being separable only by 
breeding, "eine heillose Arbeit," as Baur has it. For- 
tunately, in this case, it is possible to distinguish readily 
between the various combinations. 

One of the combinations, BBNN (square 1), should 
breed true, being homozygotic for both characters con- 
cerned. We would expect such a plant to have narrow 
first leaves and climax leaves with incisions to the mid- 
rib. Thus far I have not encountered such a plant, some- 
thing which at one time led me to consider the possibility 
of gametic repulsion, in this instance the gamete BN 
being incapable of existence. This supposition seemed 
the more plausible since the two genes B and N well might 
be supposed to be antagonistic, the one being responsible 
for an incision of the leaf to the midrib, the other tending 
to make the leaf, especially the earlier leaves, narrow. 
Were this assumption correct, none of the zygotic combi- 
nations found in squares 1, 2 and 5, 3 and 9, and 4 and 13, 
would be formed, though we would expect the same com- 
bination as occurs in squares 4 and 13 to make its appear- 
ance as the result of the fusion of the gametes bN and 
Bn (squares 7 and 10). 

Were this supposition correct, we should have a case 
similar to that of the sweet pea "Purple Invincible," and 
we could not expect the gamete (bn) to be formed. Since, 
however, simplex (bbnn) appears in our cultures, this 
theory must be rejected. Eecently also, in culture No. 
30,412, an instance was found in which the guarded parent, 
supposedly of type 4, yielded, not simplex, rhomboidea, 
attenaata, arachnoidea as well as the parental type, but 
only arachnoidea, rhomboidea and the parental type, and 
in proportions closely approximating a ratio 1:1:2. 

A plant which yielded 25 per cent, rhomboidea and no 
simplex, must have been homozygotic for B, and since it 
yielded also 50 per cent, of type 4, must have been hetero- 
zygotic for N, its zygotic constitution therefore being 
BBNn. Such a plant, on self-fertilization, should yield 
25 per cent, rhomboidea. Provided the homozygote and 
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the heterozygote have the same appearance, the remaining 
75 per cent, should resemble the parent (Fig. 9, b). 



BN 
BN 


Bn 
BN 


BN 
Bn 


Bn 
Bn 



But in one case (30,412), the parent being 8,412j3i?9P9, 
and open fertilized, the offspring consisted of 26.3 per 
cent, rhomboidea, 46.2 per cent, of the parental type and 
27.5 per cent, arachnoidea. If our supposition as to the 
zygotic constitution of the parent is correct, then the 
zygotic constitution of the arachnoidea in this offspring 
must be BBNN. In the case of a selfed attenuata, we 
found that approximately 25 per cent, of the offspring 
was composed of arachnoidea of the probable zygotic con- 
stitution bbNN. Is it possible that any Capsella, homo- 
zygotic for N, would have the appearance of arachnoidea? 
This seems more than probable, and other evidence, to be 
adduced later, appears to support this view. The history 
of the BBNn is as follows : 

During 1912 I grew No. 8,412 from seeds of a plant 
which resembled the grandparent 4,108.6. It was com- 
posed of 1,079 individuals, among which various types, 
such as " broad," "narrow" and "linear," could be rec- 
ognized. Not all plants were thus classified, a fourth 
group of "intermediates" being formed, indicating that 
some of the plants, while in certain respects resembling 
simplex and especially rhomboidea (deep lobing, second- 
ary lobes), in other characters more closely approximated 
the "narrows," since their early leaves had been noted 
as "narrow." In the light of recent experience, it is easy 
to see why the distinction was made, though at the time 
the conception of the differences was most hazy. Several 
of these "intermediates" were grown, and of these a 
single one yielded the seed for the next generation. This 
plant had been permitted to flower unguarded, but after a 
number of capsules had .developed on the main stalk, this 
was decapitated and the sideshoots were allowed to de- 



218 



THE AMERICAN NATURALIST [Vol. XLVIII 



velop. At this time the entire plant was caged. Subse- 
quently the seeds of the open fertilized and of the guarded 
flowers were sown separately, with the following results : 
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Plants 
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Plants 
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Arachnoidea. . . . 
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46.2 
26.3 
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36.25 
72.50 
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21.15 
36.15 
42.70 


52 
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61.50 
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61.50 



The figures are given separately to again call attention 
to the fact that open fertilization is no hindrance to pedi- 
gree work in Capsella, Since the seeds came from the 
same parent, we may add the results, which gives us 
arachnoidea 23.50 per cent., "narrow" 40 per cent, and 
rhomboidea 36.50 per cent. The fact that the percentage 
for "narrow" is too low and that for rhomboidea too 
high, while the percentage for arachnoidea is within the 
limits of probable error, is probably due to errors in 
classification, since greater weight was laid upon lobing 
of the adult leaves than upon comparative width of the 
earlier ones. The value of this culture lay chiefly in its 
suggestion of a zygotic combination BBNn, which prior 
to that time, on account of the gametic repulsion theory, 
was not supposed to exist. In consequence, a number of 
cultures were made, with the following result : 

TABLE IV 

Evidence of Heterozygotic Character of Treleaseana (BBNn) 
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The "narrows" in question, then, fulfilled our expecta- 
tion on the basis of a zygotic constitution BBNn. In 
some cases the percentages are too high, in others too low. 
The total yields fairly satisfactory results, to wit: BBNN 
22 per cent., BBNn 51 per cent, and BBnn 27 per cent. 
Two tests of the extracted recessive, a homozygotic rhom- 
boidea, were made. The cultures, No. 3,713, from a 
guarded rhomboidea (30,412.4P2P3) and No. 4,113, from 
an unguarded rhomboidea (30,412.4P8P3), both derived 
from plants of the supposed zygotic constitution BBNn, 
yielded, respectively, 54 and 207 plants, all of which bore 
the typical rhomboidea characters. 

In the cultures just tabulated, the plants of the sup- 
posed zygotic constitution BBNn resembled the parent in 
all respects. The form arachnoidea, in this case, must 
have the zygotic formula BBNN. Unfortunately, in this 
case also, it proved unfertile. 

A better acquaintance with plants of the zygotic consti- 
tution BBNn led us to formulate certain differences be- 
tween them and our original "narrow." Plants of the 
BBNn character, readily can be segregated from those of 
the BbNn character by somewhat narrower primary 
lobes, split to the midrib and the development, in climax 
leaves of well-grown specimens, of a secondary lobe, not 
pronounced but recognizable (Figs. 8, 9). 

On the basis of these morphological differences, as well 
as because of the behavior of the plant on breeding, I 
propose to segregate it from type 4 under the name 
X Gapsella Bursa-pastoris Treleaseana. This form is 
homozygotic for B, while Setchelliana is heterozygotic 
for P. Both are heterozygotic for N. They may be ex- 
pected to look alike during the early stages. Later they 
show a difference, since the form containing Bb does not 
develop sinuses as deep as the form containing BB. The 
form Treleaseana, when young, can readily be distin- 
guished from a heterozygotic rhomboidea (Bbnn) by the 
relative width of the early leaves ; later such a distinction 
is difficult (Figs. 4, 5, 7). If any distinction at all is to 
be made, it should be made on the basis of the rounding 
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of the lobes, those of Treleaseana being sharp, those of 
the heterozygotic rhomb oidea rounded. 

I am fully aware that in thus naming genotypes, I am 
departing from all rules laid down by systematists. But 
a rule is useful only as long as it serves a purpose. For 
the geneticist, the rules of systematists are of small value. 
Subspecies, variety, form, are, after all, but very general 
terms, almost incapable of definition because of too fre- 
quent abuse. But once we have determined the zygotic con- 
stitution of any plant, we'have placed ourselves on a firmer 
basis. Behavior in breeding is the proper criterion. And 
while I recognize that this, for systematic purposes, is 
impracticable, at the same time I assert the right to use 
a trinomial for any organism of known zygotic constitu- 
tion, this being, at the present time at least, the easiest 
way of designating any particular form. Some day we 
shall have formulas, corresponding to those of chemistry, 
to designate the lesser forms. 

The increase in the number of named forms, a neces- 
sary consequence, need cause no alarm, since they concern 
only him who occupies himself with one species exclu- 
sively. But we must go even further than this. Squarely 
facing the issue, we find ourselves placed in a position 
which necessitates the naming of heterozygotes. Obvi- 
ously, numerous objections could be urged. But since it 
has been shown, on the one hand, that certain forms can 
exist only in a heterozygous form (Baur's Antirrhinum) 
and, on the other, that not only the difference between the 
homozygote and the heterozygote is as great as that be- 
tween many of our " systematic' ? species (for instance, 
attenuala, bbNn, and arachnoidea, bbNN), but that a 
homozygotic condition for a single gene gives the same 
result, whatever the condition of the other known genes, 
at least as thus far determined (arachnoidea occurs as 
aaBBNN, aaBbNN and aabbNN), the advantage of nam- 
ing all forms of different zygotic constitution must be 
granted. 

Thus far we have not encountered a plant of the zygotic 
constitution BbNN, at least as far as can be judged from 
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breeding experiments. On being selfed such a plant 
should yield : 
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It has been shown that plants of the zygotic constitu- 
tion BBNN and bbNN exhibit the arachnoidea type. At 
least 50 per cent, of the offspring then should show this 
character. But if the suggestion made above is the cor- 
rect one, i. e., that all plants homozygotic for N exhibit 
the arachnoidea type, then the parent and its entire off- 
spring should bear this character. The unfortunate in- 
fertility of arachnoidea prevents us from submitting this 
hypothesis to direct experimental proof. But there exist 
indirect means for establishing the probable truth of our 
contention. In the first place, we may cross two plants, 
the identity of which can be established beyond doubt, to 
wit, attenuata (bbNn) and Treleaseana (BBNn). Such a 
cross would yield : 



BN 

bN 


Bn 

bN 


BN 

bn 


Bn 

bn 



Of these, we would recognize Bbnn because of its rhom- 
boidea character, 50 per cent, would be recognized as 
Setchelliana (BbNn), while the remainder, if our surmise 
is correct, would consist of arachnoidea. Experiments to 
determine this are under way. At the present we have 
another, though by far less accurate, means of testing our 
hypothesis. If the combination NN always results in a 
form arachnoidea, the offspring of a plant of the zygotic 
constitution BbNn would be composed of: 

4 Setchelliana (BbNn), 

2 Treleaseana (BBNn), 

2 attenuata (bbNn), 

4 arachnoidea (1 BBNN, 2 BbNN, 1 bbNN), 
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3 rhomboidea (1 BBnn, 2 Bbnn), 

1 simplex (bbnn). 
Since BbNn, BBNn and bbNn, in the earlier experi- 
ments, might have been confounded in the later stages, 
and since there is little doubt as to the earlier stages, 
these three forms have been combined in Table V. 



table v 

Eesults from Selected Setchelliana {BbNn) 



Index 


41 Narrow " 


arachnoidea 


rhomboidea 


simplex 


So. 


Found 


Expected 


Found 


Expected 


Found 


Expected 


Pound 


Expected 


26,912 
3,613 


134 
94 


157.6 

89 


94 
45 


78.8 
45 


68 
33 


59.1 
33.75 


19 

8 


19.7 
11.25 



This, especially in the case of No. 3,613, is a fairly close 
approximation to what we might expect. When in No. 
3,613 we attempt to distinguish between Setchelliana, 
Treleaseana and attenuata, we get the following num- 
bers, the expected numbers following in parentheses: 
BbNn 39(45), BBNn 21(22.50), bbNn 34(22.50), the last 
number being far too high. When the experiments were 
begun, we distinguished only between "narrow," 
"broad" and "linear." To-day we know that the "nar- 
rows" include Treleaseana, Setchelliana and attenuata, 
that the "broads" include rhomboidea and simplex, while 
the linears are identical with arachnoidea. In this light 
it is of interest to go back to the first generation of 1910. 
Our data yield the figures given in Table VI. 

TABLE VI 





" Narrow " 


" Linear" 


" Broad " 


Index No. 
















Found 


Expected 


Found 


Expected 


Found 


Expected 


7,911 


34 


30.50 


9 


15.25 


18 


15.25 


8,111 


27 


35.50 


16 


17.75 


28 


17.75 


8,311 


66 


61 


32 


30.50 


24 


30.50 


8,711 


27 


27 


15 


13.50 


14 


13.50 


8,811 


49 


46.50 


20 


23.25 


24 


23.25 


9,011 


4 


7.50 


4 


3.75 


7 


3.75 


9,511 


93 


76 


32 


38 


27 


38 


9,611 


28 


23.50 


5 


11.75 


14 


11.75 


Total 


328 


308.50 


133 


154.25 


156 


154.25 






Per cent 


53.2 


50 


21.5 


25 


25.3 


25 
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It must be granted that the approximation is fairly 
close, and that, taken in consideration with the others, it 
offers ample support for the correctness of the diagnosis 
of the zygotic constitution of the original plant. It at 
least offers a working basis. One would be tempted to 
accept it as a final solution were it not for the fortunate 
appearance of a plant which does not fit into our scheme 
and which, provisionally, has been named CapsellaBursa- 
pastoris orbicularis. 

Capsella Buksa-pastokis okbictjlakis 
This form differs from any other plant encountered 
in my cultures. While in a general manner resembling 
simplex, it differs in being more robust, having larger 
flowers (though not as large as those of C. grandiflora), 
and in having orbicular first 
leaves (Fig. 13). All leaves 
are covered with stout hairs. 
It is a plant which tempts us 
to draw a parallel between it 
and Oenothera gigas, a name 
which I have not used for the 
sake of avoiding an implied FlG - 7 13, 7 Seedlings of c - 

° L ... orbicularis. 

comparison. 

The first plant of this type appeared in a culture of 
attenuata (26fil2BR3P5) and was of sufficiently striking 
appearance, though but four or five leaves had developed, 
to call for a special note and a photograph. Later the 
plant was potted and finally seed was gathered from the 
unguarded plant. From this seed four seedlings were 
obtained. At least three of them closely resembled the 
parent, the fourth having somewhat narrower leaves. 
Later the differences between these plants and those of 
simplex became more apparent (Fig. 14). Those of my 
students to whom the differences have been pointed out 
have not the slightest difficulty in distinguishing between 
the two forms. It is hoped that later, when by means of 
prolonged cultures I shall have made myself more familiar 
with this form, it may be made the subject of a distinct 
paper where histological and cytological studies will find 
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a place. One would be inclined to look upon orbicularis 
as a mutation. But the fact that at first we classed 
arachnoidea as such, later to prove it of hybrid origin, 17 




Fig. 14. Four Seedlings of C orbicularis and (the lower) Two Seed- 
lings of C. . . . simplex. 

would tend to make us cautious, and lead us to attempt to 
find a solution for the origin of orbicularis in the disso- 
ciation or combination of certain * ' units. ' ' While I should 
not care to go quite as far as M. Heribert Nilson 18 "das 
ganze Mutations phanomen durfte unter einen gemein- 
samen Gesichtspunkte : der Mendelschen Neukombination 
eingeordnet werden konnen, ' ' yet it is probable that here 
the majority of alleged mutations may be classed. 

i^Baur's (Vererbungslehre, 189) narrow-leaved Melandrium album is 
perhaps susceptible of the same explanation. 

isZeitschr. f. ind. Abst. u. Bererb., 8: 89, 1912. 
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An examination of the herbarium material placed at 
my disposal reveals the fact that plants, apparently 
identical with C. orbicularis, occur in Europe. In the 
Engelmann herbarium of the Missouri Botanical Garden 
are two sheets (No. 3,661 and 3,664) containing specimens 
which undoubtedly must be classed here. The latter sheet 
bears the label: Thlaspi Bursa-pastoris hiimile. Heidel- 
berg. April 1828. 

A culture of Capsella, derived from seed of a single 
plant, unfortunately not preserved, escaped from culti- 
vation in the Experiment Garden, and consisting of 182 
individuals (Ehlers, No. 4,813), appears to be composed 
entirely of orbicularis. And while I have never encoun 
tered the plant in nature, these two facts lead us to another 
possible explanation. Perhaps the appearance of orbic- 
ularis in the original culture was due to an accidental 
admixture, such as is almost impossible to guard against 
when experimental plants are grown in a greenhouse used 
for a variety of purposes. 

The exact relation which orbicularis bears to the other 
types of Capsella here described can, of course, be de- 
termined only after a series of experiments has been car- 
ried out. However, the delay in the completion of the 
manuscript, caused by the unfortunate destruction, by 
fire, of the botanical laboratories of the University of 
Michigan, enables me to add that a third generation of 
orbicularis, the parent being No. 32,012i?lP3, shows at 
least two and possibly three types, of which one is espe- 
cially interesting in having rather narrow leaves, at least 
as compared with those of typical orbicularis. The con- 
trast between the two forms is increased by the fact that 
in the narrow-leaved form the foliage is entirely glabrous, 
while in the typical orbicularis the leaves are covered 
with numerous stiff, almost bristle-like, hairs. 

X Capsella Bursa-pastoris arachnoidea 
By this name is designated the linear-leaved form, the 
appearance of which induced us to undertake the cultiva- 
tion of Capsella Bursa-pastoris Setchelliana. 
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Fig. 15. Rosets Illustrating tee Two Types 

Already the leaves which immediately follow the coty- 
ledons serve to distinguish plants of this type from all 
others. At the ten-leaf stage even the casual observer is 
able to segregate them at once from the other rosets. 
The leaves are acicular and the cotyledons far larger 
than those of the seedlings of the other forms. The 
greater size of the cotyledons may be attributed to the 
insufficiency of the subsequent leaves. 

If one removes the terminal bud of seedlings of Atri- 
plex hortensis or one of its color varieties, it will be found 
that the cotyledons increase in length far beyond normal, 
sometimes reaching a length of 8 cm. Under favorable 
conditions the leaves of X C. arachnoidea may reach a 
length of 100 mm., with a greatest width of 6 mm. (Fig. 
16). The stem ordinarily is weak, having a diameter of 
only 1 mm. It may reach a length of 30 cm. (Fig. 17). 
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thus far Recognized in C. . . . orbicularis. 



The flowers are small, the petals especially so. The 
anthers shrivel up early and as a rule are devoid of pollen 
grains. Occasionally a few can be demonstrated. The 
ovary, though small, contains what appear to be ovules 
capable of being fertilized. Thus far I have collected 
eight seeds contained in 6 capsules on unguarded plants 
of arachnoidea (Fig. 18). Two of these germinated, the 
one yielding a plant which looks like simplex, though 
having a large amount of red coloring matter in the peti- 
oles, while the other is an arachnoidea. Attempts to arti- 
ficially fertilize arachnoidea have failed absolutely. 

As has been shown above, one may distinguish, on the 
basis of genotypic constitution, three forms of arach- 
noidea, viz.: BBNN, BbNN and bbNN. Externally no 
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differences can be noted. A single exception perhaps may 
be made to this statement. It had been noted that speci- 
mens of arachnoidea frequently showed fasciation. This 
fasciation seems most marked in plants of the zygotic 
constitution BBNN (Figs. 19, 20, 21). 




Fig. 16. Roset of x C. . 



arachnoidea. 



While it is hoped that later a more extended, report may 
be made upon this plant, at present it may be stated that 
there exists the probability that it may throw some light 
upon the nature of fasciations. In earlier publications 19 
I have brought together some of the known facts bearing 
upon this teratological character. Though a large por- 

19 < < Fasciation in Oxalis crenata and Experimental Production of Fascia- 
tions," Bep. Mo. Bot. Gard., 17: 147, 1906; " Fasciations of Known 
Causation/ ' American Naturalist, 42: 81, 1908; " Inheritance of Fascia- 
tion in Zea Mays," The Plant World, 14: 1911; "The Origin of Species 
in Nature,' ' American Naturalist, 45: 641, 1911; ' ' Frondescence and 
Fasciation," Plant World, 14: 1911; "Fasciation in Oxalis crenata," 
Botanical Journal, 2: 111, 1913. 
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tion of the experimental garden is devoted to cultures of 
fasciated races, nothing further has been determined than 
that the fasciated character is inherited, that it is trans- 
mitted through non-fasciated individuals, that its ap- 
parentness depends upon nutrition, that it behaves as a 




Pig. 17. Two Herbarium Specimens of x C. . . . arachnoidea. 



recessive character and that the fasciated character of the 
stem appears to be associated with split leaves and cup- 
shaped leaves. In a paper read before the Eesearch Club 
of the University of Michigan on March 16, 1910, and an- 
nounced under the title * ' The Identity and Inheritance of 
Teratological Characters," I showed that split leaves, 
ascidra, certain disturbances in the arrangement of the 
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flowers, supernumerary locules in the fruit, etc., may 
safely be taken as an indication of the presence of the 
fasciated character. More recently, Kajanus, 20 working 




Fig. 18. Shoot of x G. . . . arachnoidea, with a Laege Number of Infertile 
and Few Fertile Capsules. 

with different material, has fully confirmed the views 
which I expressed at the time. This is of particular in- 

20 Kajanus, B., ' ' Polyphyllie und Fasziation bei TH folium pratense L.," 
Zeitsch. f. ind. Aost. u. Vererb., 7: 63, 1912; "Ueber einige vegetative 
Anomalien bei Tri folium pratense L., ibid., 9? Ill, 1913. 
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terest in connection with Capsella arachnoidea, since 
many of the plants which do not show a fasciated stem 
do show split leaves (Fig. 20) and a most peculiar whorl- 
ing of the flowers (Fig. 21). 




Fig. 19. Fasciated Plant of x C. . . . arachnoidea. 

The spatulate condition of the leaves of the seedling 
shown in Fig. 2 is believed to have been due to fasciation. 

Capsella Bursa-pastoris arachnoidea, then, bears all the 
earmarks of a fasciated race. All of the three zygotic 
combinations which yield the arachnoidea type are homo- 
zygotic for N. The recent work of East and Hayes, and 
of Emerson on Zea Mays has shown that the fasciated 
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Fig. 20. Leaves of x C arachnoidea. 




Fig. 21. Abnormal Whorled Arrangement of the Flowers in Inflores- 
cences of x C. . . . arachnoidea. 
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character is dominant, though Mendel, in his experiments 
with Pisum umbellatum, has shown it to be recessive. 
No fasciation, thus far at least, has been noted in the 
other forms used in these experiments. 

Summary 

A culture of Capsella Bursa-pastoris proved heterozy- 
gotic, yielding certain new forms (X G. Bursa-pastoris 
Setchettiana, XC .Bursa-pastoris Treleaseana, XC. Bursa- 
pastoris arachnoidea and X G. Bursa-pastoris attenuata) , 
as well as certain forms already described by Shull (C. 
Bursa-pastoris rhomb oidea and C. Bursa-pastoris sim- 
plex) in the proportion 4:2:4:2:3:1. The distinction 
between simplex and rhomb oidea, both inter se and be- 
tween them and the other forms, is readily made by any 
one familiar with Shull 's investigations. These two 
plants agree in having the earlier leaves broad (Fig. 4). 
The climax leaves of rhomb oidea and simplex show 
marked differences, especially as far as the incision of 
the blade is concerned. These incisions, in simplex, reach 
a depth equal to approximately one fourth of the width 
of the blade (Fig. 10). In rhomb oidea the incisions are 
deeper, reaching the midrib in the homozygous form 
(Fig. 12). The leaves of the latter also show marked 
secondary lobes. 

The distinction between X G. Bursa-pastoris Setchetti- 
ana, X C. Bursa-pastoris Treleaseana and X C. Bursa- 
pastoris attenuata is made with greater difficulty. They 
agree in having long and narrow first leaves. The climax 
leaves of Treleaseana and Setchettiana show marked 
incisions, exceeding one fourth of the width of the blade, 
and which may reach the midrib (Fig. 9). The latter 
form also may show marked secondary lobes. 

Besides the phenotypes here mentioned occur two 
others, the one, X G. Bursa-pastoris orbicularis, with an 
almost orbicular first leaf (Fig. 13) and a climax leaf 
greatly resembling that of simplex (Figs. 14, 15), though 
differing in texture. This form has not been sufficiently 
studied, but is believed to be identical with one known to 
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occur in Europe. Finally there is X C. Bursa-pastoris 
arachnoidea, a sterile, linear-leaved form, with a weak 
stem and which frequently shows fasciation (Figs. 17-21). 
To facilitate a distinction between these forms, a key is 
appended : 

a. Early leaves broad. 

b. Early leaves orbicular. orbicularis, 

bb. Early leaves twice as long as broad. 

c. Climax leaves incised to midrib. rhomboidea. 

cc. Early leaves not incised to midrib. simplex, 

aa. Early leaves long and narrow. 

b. Early leaves acicular. arachnoidea. 

bb. Early leaves 2^-3 times as long as broad. 

c. Climax leaves not incised to midrib. attenuata. 

cc. Climax leaves incised to or almost to the midrib. 

d. Secondary lobes pronounced. Treleaseana. 

dd. Secondary lobes absent. Setchelliana. 

It was found that, besides the genes A, B, C and D, 
whose existence was shown by Shull, there exists another 
gene, N, responsible for the narrow character of the 
earlier leaves. For the various forms, mentioned here, 
the following zygotic constitutions have been tentatively 
determined: simplex, bbnn; rhomboidea, BBnn and Bbnn; 
Setchelliana, BbNn; Treleaseana, BBNn; attenuata, 
bbNn; arachnoidea, BBNN, BbNN and bbNN. The zygo- 
tic constitution of orbicularis has not been determined. 

As to the probable origin of X C. Bursa-pastoris Setch- 
elliana, little can be said. It most probably results from a 
cross between rhomboidea and attenuata (BBnn X bbNn). 
This seems the most plausible explanation since, judging 
from herbarium specimens, both attenuata and rhom- 
boidea occur throughout the United States. Unfortu- 
nately such an assumption necessitates an explanation of 
the origin of attenuata. 

My thanks are due to the regents of the University of 
Michigan for the facilities placed at my disposal, to head- 
gardener Adolph Werner for his constant care of the ex- 
perimental plants, to Messrs. J. H. Ehlers, A. Povah, C. 
Oberlin and A. W. Murdock for assistance in classifica- 
tion of the seedlings and to the director of the Missouri 
Botanical G-arden for the loan of herbarium material. 



No. 568] X CAPSELLA BUBSA-P AST OBIS ABACHNOIDEA 235 

Conclusions 
L Besides the genes (A, B, C,D) discovered by Shull, 
there exists in Capsella a gene N, responsible for the nar- 
row character of the early leaves of certain forms. 

2. Absence of the gene N results in the formation of 
early leaves of a "broad" character. 

3. The form designated arachnoidea is of hybrid origin, 
as are the forms' Setchelliana, Treleaseana and attenuata. 

4. X Capsella Bursa-pastoris arachnoidea is formed 
whenever the plant is homozygotic for N, whatever the 
constitution of the remainder of the zygote (BBNN, 
BbNN, bbNN), i. e., a homozygous condition for the pres- 
ence of a single factor may overshadow the influence of 
others. 

5. Homozygocity for a single factor may be responsible 
for total, or almost total, sterility. 

6. A knowledge of the early stages, as well as of the 
climax leaves, is essential for the classification of the 
phenotypes of Capsella Bursa-pastoris. 



